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* NOTICES * 

JPO and INPIT are not responsible for any damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 3. In the drawings, any words are not 
translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the process of the magnetic tunnel junction 
component used for a magnetometric sensor etc. In next explanation, a magnetic tunnel junction 
component is written as a TMR component. 
[0002] 

[Description of the Prior Art] Conventionally, as a process of the magnetometric sensor equipped 
with two or more TMR components, what is shown in drawing 18 -23 is proposed (for example, 
refer to Japanese Patent Application No. No. 368776 [ 1 1 to ] concerning application of the same 
applicant as this application). 

[0003] At the process of drawing 18 , the front face of a silicon substrate 1 on the wrap oxidation 
silicone film 2 The Cr layer 3 as a bottom electrode layer, After forming the Rh-Mn alloy layer 4 
as an antiferromagnetism layer, and the nickel-Fe alloy layer 5 as a bottom ferromagnetism layer 
by the spatter in piles one by one, The alumina layer 6 as a tunnel barrier layer is formed by 
forming aluminum layer on the nickel-Fe alloy layer 5, and oxidizing. On the alumina layer 6 
The nickel-Fe alloy / Co laminating 7 as a top ferromagnetism layer (Co is a lower layer), The 
Mo layer 8 as an upper electrode layer is formed by the spatter in piles one by one. On the Mo 
layer 8, it forms by phot lithography processing of common knowledge of the resist layers 9a and 
9b which have the pattern of the shape of a quadrilateral as shown in 26a and 26b of drawing 13 , 
respectively. 

[0004] Next, at the process of drawing 19 , this laminating is divided into the 2nd laminating part 
which consists of the 1st laminating part and the parts 3b-8b of layers 3-8 which consist of parts 
3a-8a of layers 3-8 by forming so that the laminating of layers 3-8 may be arrived at in the 
separation slot 10 at the oxidation silicone film 2 by alternative ion milling processing which 
uses the resist layers 9a and 9b as a mask. Then, the resist layers 9a and 9b are removed. 
[0005] At the ion milling process of drawing 19 , as shown in drawing 24 , the side-attachment- 
wall deposition film DP 1 is formed in the side attachment wall of the separation slot 10. The 
si de-attachment- wall deposition film DP 1 contains Layers 3a-5a, the metal component of 7a and 
8a, the constituent of the oxidation silicone film 2, etc., including so much the resist denaturation 
component (organic substance) which the resist layers 9a and 9b are deleted by ion milling, and 
produce. 

[0006] At the resist removal process of drawing 19 , after performing ashing processing by 02 
plasma to the resist layers 9a and 9b, exfoliation processing is performed using organic 
exfoliation liquid. However, even if it performs such processing, it is difficult to remove 
completely the side-attachment-wall deposition film DP 1, and, moreover, the resist residue Rl 
and R2 remains. Since the resist residue Rl and R2 contains the metal component and the 
component of Si02 grade other than the resist denaturation component originating in the resist 



layers 9a and 9b, it is difficult for the resist removal processing using an organic solvent etc. to 
remove completely. 

[0007] At the process of drawing 20 , the resist layers 9c and 9d and resist layer 9e are formed by 
phot lithography processing, respectively on the 1st [ which was obtained at the process of 
drawing 19 ], and 2nd laminating parts. Let the pattern of the resist layers 9c, 9d, and 9e be the 
pattern of the shape of a quadrilateral as shown in Ta, Tb, and Tc of drawing 13 . 
[0008] At the process of d rawi n g 21 , the TMR components Ta, Tb, and Tc are obtained by 
forming so that the 1st and 2nd laminating parts may be reached in the separation slot 12 at parts 
for Layer 4a and 4b by alternative ion milling processing (or alternative wet etching processing) 
which uses the resist layers 9c-9e as a mask. The TMR component Ta consists of a laminating of 
the parts 3a and 4a of the layers 3 and 4 surrounded in the separation slot 10, and the part five al 
to 8al of the layers 5-8 surrounded in the separation slot 12. The TMR component Tb It consists 
of a laminating of the parts 3 a and 4a of the layers 3 and 4 surrounded in the separation slot 10, 
and the part five a2 to 8a2 of the layers 5-8 surrounded in the separation slot 12. The laminating 
for Layer 3a and 4a is an electrode layer common to the TMR components Ta and Tb, and 
interconnects the TMR components Ta and Tb. The TMR component Tc consists of a laminating 
of the parts 3b and 4b of the layers 3 and 4 separated from parts for Layer 3a and 4a in the 
separation slot 10, and the parts 5b-8b of the layers 5-8 surrounded in the separation slot 12. The 
resist layers 9c-9e are removed after ion milling processing. 

[0009] At the ion milling process of drawing 21 , as it indicates drawing 25 similarly that it 
mentioned above about the process of drawing 19 , the side-attachment-wall deposition film DP2 
and DP3 is formed in the side attachment wall of the separation slots 10 and 12. And although 
ashing processing and organic exfoliation liquid processing are similarly performed with having 
mentioned above about the process of drawing 19 at the resist removal process of drawing 2 1 , 
even if such, it is difficult to remove completely the side-attachment-wall deposition film DP2 
and DP3, and, moreover, the resist residue R3-R6 remains. Removal at a resist removal process 
is difficult because the side-attachment-wall deposition film DP2 and DP3 contains Layers 3a- 
5a, the metal component of 7a and 8a, the constituent of the oxidation silicone film 2, etc., 
including so much the resist denaturation component (organic substance) which the resist layers 
9c-9e are deleted by ion milling, and produce, in addition contains especially the constituent of 
the oxidation silicone film 2. The resist residue R3-R6 makes a subject the resist denaturation 
component originating in the resist layers 9c-9e. In addition, at the resist removal process of 
drawing 21 , resist residue may remain in the part which does not have the side-attachment-wall 
deposition film DP 2 in the side attachment wall of the separation slot 12. 
[0010] At the process of drawing 22 , TMR component Ta-Tc and the separation slots 10 and 12 
are covered, and the oxidation silicone film 13 as an interlayer insulation film is formed in a 
substrate top face by the spatter. And the connection holes 13a- 13c corresponding to the Mo 
layer eight al of TMR component Ta-Tc, eight a2, and 8b are formed in the oxidation silicone 
film 13 by alternative ion milling processing, respectively. 

[001 1] At the process of drawing 23 , after covering the connection holes 13a-13c and putting 
aluminum by the spatter on the oxidation silicone film 13, patterning of the covering layer is 
carried out by alternative ion milling processing, and the aluminum layers 14a and 14b as a 
wiring layer are formed, aluminum layer 14a is connected to the Mo layer eight al of the TMR 
component Ta through connection hole 13a, and aluminum layer 14b interconnects the Mo layer 
eight a2 of the TMR components Tb and Tc, and 8b through the connection holes 13b and 13c. 
Consequently, it means that series connection of TMR component Ta-Tc was carried out. 



[0012] 

[Problem(s) to be Solved by the Invention] According to the above-mentioned conventional 
technique, there is a trouble as shown in the following (a) and (b). 

[0013] (a) If the side-attachment-wall deposition film DP 2 and resist residue remain on the side 
attachment wall of the separation slot 12, it will become the cause which an electric short circuit 
and leak produce between the metal layers of the upper and lower sides of tunnel barrier layer 6a, 
and the fall of the yield and degradation of a component property will be caused. Moreover, if 
the resist residue R1-R6 remains as shown in drawing 24 and 25, it will become the cause of 
particle generating and the fall of the yield will be caused. 

[0014] (b) Since the silicon oxide film is etched at the pars basilaris ossis occipitalis of the 
separation slot 10 in case the separation slot 12 is formed at the ion milling process of drawing 
21 , depth D of the separation slot 10 increases an etched part, and becomes steep [ the level 
difference of the separation slot 10 ]. For this reason, if the oxidation silicone film 13 is formed 
by the spatter at the process of drawing 22 , it will be easy to produce a film defect near the 
opening edge of the separation slot 10, and when aluminum layer 14b is formed at the process of 
drawing 23 , the defect whom aluminum layer 14b and layer part 4a short-circuit through a film 
defect may be produced, in addition, a spatter — comparing — CVD (chemical vapor deposition) 
with good step coverage nature although it does not produce a film defect, law serves as 
processing of about 400 degrees C, and since the TMR component is weak to an elevated 
temperature, it is not suitable for formation of the oxidation silicone film 13. 
[0015] As an approach of coping with the trouble of the above (a), the processing which removes 
the side-attachment-wall deposition film and resist residue with solutions, such as an acid or 
alkali, can be considered. However, since such processing gives a damage to a very thin tunnel 
barrier layer, or etches the metal layer of the upper and lower sides of a tunnel barrier layer and 
causes configuration aggravation, it is not a best policy. Moreover, in the processing which 
removes the side-attachment-wall deposition film containing a resist denaturation component 
using an organic solvent etc., the body and the matter harmful to an environment must be used 
and a cost rise is caused for processing of organic waste fluid. 

[0016] In case patterning of the magnetic tunnel junction laminating is carried out by alternative 
ion milling processing and a TMR component is formed as an approach of reducing the leakage 
current of a TMR component about the trouble of the above (a), what forms the insulating layer 
which becomes the side attachment wall of a TMR component from an oxide or a nitride is 
known by performing ion milling in an oxidizing quality or a nitriding nature ambient 
atmosphere (for example, refer to JP,200 1-523 16, A). When such ion milling processing is 
adopted at the process of drawing 21 , there is a trouble of following difficulty on detection of an 
etching terminal point. That is, in ion milling processing of drawing 21 , a plasma luminescence 
measuring method is used as an etching end point detector method in many cases. When this 
approach is used, luminescence based on the configuration atom of the Rh-Mn alloy layers 4a 
and 4b as an antiferromagnetism layer is detected, and ion milling is stopped. Since a dirty rate 
falls compared with the case where ion milling is performed, in the ambient atmosphere which 
does not contain oxygen or nitrogen when performing ion milling in an oxidizing quality or a 
nitriding nature ambient atmosphere, the yield of the excited atom per unit time amount 
decreases, and signal strength required for luminescence detection falls. For this reason, the 
detection precision of an etching terminal point falls, the short circuit between the TMR 
components Tb and Tc is caused by underetching, or increase (it disconnects further) of 
connection resistance is caused among the TMR components Ta and Tb by over etching. If the 



separation slot 10 is moreover formed before the process of drawing 2 1 , in order that only the 
part by which the exposure product of the Rh-Mn alloy layers 4a and 4b is equivalent to the 
separation slot 10 in the process of drawing 21 may decrease, signal strength required for 
luminescence detection will fall further. Therefore, detection of an etching terminal point 
becomes much more difficult, and it much more becomes easy to generate underetching or over 
etching. 

[0017] As an approach of coping with the trouble of the above (b), the method of carrying out 
the ion milling process corresponding to drawing 19 is proposed after the ion milling process 
corresponding to drawing 21 (for example, refer to the application for patent No. 288809 [ 2001 
to ] concerning application of the same applicant as this application). Since according to this 
approach the separation slot 10 will be formed after forming the separation slot 12, the level 
difference of the separation slot 10 can be made low, and the poor short circuit of wiring based 
on the film defect of an interlayer insulation film (it corresponds to the oxidation silicone film 
13) can be prevented. Moreover, only the part which does not have the separation slot 10 in the 
ion milling process corresponding to drawing 21 can increase signal strength required for 
luminescence detection. 

[0018] However, since a resist layer (it corresponds to the resist layers 9a-9e) is used as a 
selection mask of ion milling, the same trouble as the above (a) is not escaped. For example, as 
the ion milling process corresponding to drawing 21 shows to drawing 25 , the side-attachment- 
wall deposition film DP 2 is formed in the side attachment wall of the separation slot 12, or the 
side-attachment-wall deposition film DP 2 and the resist residue R3-R5 remain at the resist 
removal process of the drawing 21 correspondence. Moreover, at the process which forms the 
resist layer as a selection mask in advance of the ion milling process corresponding to drawing 
19 , a resist etc. adheres to the side attachment wall of the separation slot 12, and contamination 
may be caused. Furthermore, at the ion milling process corresponding to drawing 19 , as shown 
in drawing 25 , the side-attachment-wall deposition film DP 3 is formed in the side attachment 
wall of the separation slot 10, the si de-attachment- wall deposition film DP 3 and the resist 
residue R6 remain at the resist removal process of the drawing 19 correspondence, or resist 
residue remains in the part which does not have the side-attachment-wall deposition film DP 2 in 
the side attachment wall of the separation slot 12. Therefore, an electric short circuit and leak 
tend to take place between the metal layers of the upper and lower sides of tunnel barrier layer 
6a. 

[0019] The purpose of this invention solves the above troubles and is to offer the process of the 

new TMR component which can obtain the high manufacture yield. 

[0020] 

[Means for Solving the Problem] The process of the TMR component concerning this invention 
is a process which forms a magnetic tunnel junction laminating in one insulating principal plane 
of a substrate through an electric conduction material layer. What forms said magnetic tunnel 
junction laminating for an antiferromagnetism layer, the 1st magnetic layer, a tunnel barrier 
layer, and the 2nd magnetic layer in piles sequentially from the bottom on said electric 
conduction material layer, Said magnetic tunnel junction laminating by etching until it performs 
1st selective etching processing to said magnetic tunnel junction laminating according to a 
desired component pattern and reaches said antiferromagnetism layer Said 1st magnetic layer, 
The process which forms the magnetic tunnel junction section which consists of residual parts of 
said tunnel barrier layer and said 2nd magnetic layer, The process which removes the deposit 
deposited on the edge of said tunnel barrier layer in said magnetic tunnel junction section on the 



occasion of said 1st selective etching processing, The process which covers said magnetic tunnel 
junction section and disclosure section of said antiferromagnetism layer, and forms the insulator 
layer for protection after removing said deposit, The process which forms a resist layer on said 
insulator layer for protection so that said magnetic tunnel junction section and disclosure section 
of said antiferromagnetism layer may be covered according to a desired electrode pattern, The 
process which forms in the bottom of said magnetic tunnel junction section the electrode layer 
which consists of a residual part of this laminating by performing 2nd selective etching 
processing which uses said resist layer as a selection mask to the laminating of said insulator 
layer for protection, said electric conduction material layer, and said antiferromagnetism layer, 
and after forming said electrode layer, The process which removes said resist layer is included. 
[0021] After according to the process of the TMR component of this invention performing 1st 
selective etching processing to the laminating containing the 1st magnetic layer, tunnel barrier 
layer, and 2nd magnetic layer and forming the magnetic tunnel junction section in it, Since the 
magnetic tunnel junction section and the disclosure section of an antiferromagnetism layer are 
covered and the insulator layer for protection is formed after removing the deposit deposited on 
the edge of a tunnel barrier layer on the occasion of the 1st selective etching processing It can 
prevent an etching product etc. remaining under the insulator layer for protection in the side 
attachment wall (especially edge of a tunnel barrier layer) of the magnetic tunnel junction 
section. Moreover, since the magnetic tunnel junction section is covered by the insulator layer 
for protection in case a resist layer is formed on the insulator layer for protection, it can prevent a 
resist etc. adhering to the side attachment wall (especially edge of a tunnel barrier layer) of the 
magnetic tunnel junction section. Furthermore, since the magnetic tunnel junction section is 
covered by the insulator layer for protection in case an electrode layer is formed by 2nd etching 
processing which uses a resist layer as a selection mask, it can prevent an etching product etc. 
adhering to the side attachment wall (especially edge of a tunnel barrier layer) of the magnetic 
tunnel junction section directly. Therefore, it is lost that the metal layer of the upper and lower 
sides of a tunnel barrier layer is connected by the etching product etc. in the side attachment wall 
of the magnetic tunnel junction section, and an electric short circuit and leak can be prevented. 
[0022] In the process of the TMR component of this invention, the following modification may 
be added as the 1st modification. That is, at the process which forms the magnetic tunnel 
junction section, according to a desired component pattern, 1st selective etching processing may 
be performed to a magnetic tunnel junction laminating, and the magnetic tunnel junction section 
which consists of a residual part of a magnetic tunnel junction laminating may be formed by 
etching a magnetic tunnel junction laminating until it reaches an electric conduction material 
layer. In this case, the insulator layer for protection forms the electrode layer which consists of a 
residual part of an electric conduction material layer by performing 2nd selective etching 
processing which uses a resist layer as a selection mask to an electric conduction material layer 
at the process which forms so that the magnetic tunnel junction section and the disclosure section 
of an electric conduction material layer may be covered, and forms an electrode layer. If it does 
in this way, the same operation effectiveness will be acquired with having mentioned above 
about the process of the TMR component of this invention. Since an electrode layer moreover 
consists of monolayers of an electric conduction material layer, compared with the case where it 
consists of laminatings of an electric conduction material layer and an antiferromagnetism layer, 
the level difference in the edge of an electrode layer can be made low. 
[0023] When the 1st modification is adopted in the process of the TMR component of this 
invention, the following modification may be added as the 2nd modification. That is, at the 



process which forms a magnetic tunnel junction laminating, a magnetic tunnel junction 
laminating may be formed for the 1st magnetic layer, tunnel barrier layer, 2nd magnetic layer, 
and antiferromagnetism layer in piles sequentially from the bottom on an electric conduction 
material layer. In this case, other processes are similarly performed with having mentioned above 
about the process and the 1st modification of a TMR component of this invention. If it does in 
this way, the same operation effectiveness will be acquired with having mentioned above about 
the process and the 1st modification of a TMR component of this invention. 
[0024] After removing a resist layer, you may make it remove resist residue from the insulator 
layer for protection, and an electrode layer in the process of the TMR component of this 
invention. This is the same also about the case where the 1st or 2nd modification is adopted. 
Resist residue is easily removable by the drug solution processing which uses rare fluoric acid 
etc. If it does in this way, generating of particle will be controlled and improvement in the yield 
will be attained. 
[0025] 

[Embodiment of the Invention] 9 shows the process of the magnetometric sensor equipped with 
the TMR component concerning 1 operation gestalt of this invention, and explains drawing 1 - 
process [ corresponding to each drawing ] (1) - (9) one by one. 

[0026] (1) For example, form the insulator layer 22 which consists of silicon oxide by the 
oxidizing [ thermally ] method in the front face of the semi-conductor substrate 20 which 
consists of silicon. Instead of the semi-conductor substrate 20 in which the insulator layer 22 was 
formed on the front face, the insulating substrate which consists of glass or a quartz may be used. 
Next, on an insulator layer 22, the electric conduction material layer 24 which consists of Cr by 
the spatter is formed at the thickness of 10-30nm. As an electric conduction material layer 24, the 
laminating which put Cu layer on the monolayer or Ti layer of Ti may be used, or conductive 
non-magnetic metal ingredients, such as W, Ta, Au, and Mo, may be used. 
[0027] Next, on the electric conduction material layer 24, the antiferromagnetism layer 26 which 
consists of a Pt-Mn alloy by the spatter is formed at the thickness of 30-50nm. As an 
antiferromagnetism layer 26, a Rh-Mn alloy, a Fe-Mn alloy, etc. may be used. Then, on the 
antiferromagnetism layer 26, the ferromagnetic layer 28 which consists of a nickel-Fe alloy by 
the spatter is formed at the thickness of lOnm. As a ferromagnetic layer 28, an alloy or an 
intermetallic compound of the metal of the nickel, Fe, or the Co(es) and two metals or more in 
nickel, Fe, and Co etc. may be used, or the bottom of the nickel-Fe alloy layer 28 may be 
covered with Co layer, and the thing of a laminated structure may be used. 
[0028] Next, on the ferromagnetic layer 28, aluminum layer is formed by the spatter at the 
thickness of l-2nm. And the tunnel barrier layer 30 which consists of an alumina (aluminum 
oxide) is formed by oxidizing in aluminum layer. As a tunnel barrier layer 30, the oxide (for 
example, TiOx, Si02 and MgO, aluminum202+Si02 [sialon]) which changed the metal or the 
semi-conductor, a nitride (for example, A1N, Si3N4), an oxidation nitride (for example, 
AIN+aluminum 203), etc. may be used. 

[0029] Next, on the tunnel barrier layer 30, the ferromagnetic layer 32 which consists of a nickel- 
Fe alloy by the spatter is formed at the thickness of 20-100nm. The same ferromagnetic layer can 
be used with having mentioned above about the ferromagnetic layer 28 as a ferromagnetic layer 
32. Then, on the ferromagnetic layer 32, the electric conduction material layer 34 which consists 
of Mo by the spatter is formed at the thickness of 30-60nm. As an electric conduction material 
layer 34, the same metallic material may be used with having mentioned above about the electric 
conduction material layer 24 instead of Mo. 
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[0030] Next, on the electric conduction material layer 34, the resist layers 36a, 36b, and 36c 
which have the component pattern of the shape of a quadrilateral as shown in Ta, Tb, and Tc of 
drawing 13 , respectively are formed by phot lithography processing. Resist thickness at this time 
can be set to 0.3-2.0 micrometers. 

[003 1] (2) Obtain the magnetic tunnel junction sections ATa, ATb, and ATc by forming so that 
the laminating of layers 28-34 may be arrived at in the separation slot 38 at the 
antiferromagnetism layer 26 by alternative ion milling processing which uses the resist layers 
36a-36c as a mask. The magnetic tunnel junction section ATa consists of a laminating of the 
parts 28a-34a of the layers 28-34 surrounded in the separation slot 38, the magnetic tunnel 
junction section ATb consists of a laminating of the parts 28b-34b of the layers 28-34 
surrounded in the separation slot 38, and the magnetic tunnel junction section ATc consists of a 
laminating of the parts 28c-34c of the layers 28-34 surrounded in the separation slot 38. The 
laminating of layers 24 and 26 is arranged common to magnetic tunnel junction section ATa- 
ATc. 

[0032] The processing conditions in ion milling processing can be set to Ar flow rate:4sccm 
pressure:2.0xlO-4Torr include-angle:0-60 degree power: 500V and 190mA as an example. Using 
a plasma luminescence measuring method as a method of detecting an etching terminal point, 
luminescence based on the configuration atom of the antiferromagnetism layer 26 is detected, 
and ion milling is stopped. Since the exposure product of the antiferromagnetism layer 26 is 
large, sufficient signal strength for luminescence detection is obtained, and an etching terminal 
point can be detected with high degree of accuracy. 

[0033] At the ion milling process of drawing 2 , as shown in drawing 10 , the side-attachment- 
wall deposition film DP 1 1 as an etching product is formed in the side attachment wall of the 
separation slot 38. The deposition film DP 1 1 contains the resist denaturation component of 
Layers 36a-36c, the metal component of layers 26, 28, 32, and 34, etc. 

[0034] The resist layers 36a-36c are removed after ion milling processing. Resist removal can be 
performed by performing drug solution processing using organic exfoliation liquid, after 
performing ashing processing for example, by 02 plasma. The processing conditions in ashing 
processing can be set to 02 flow-rate: lOOsccm pressure: 50mTorrRF power: 150W as an example. 
An acetone ultrasonic-cleaning method etc. may be used as other examples of a resist removal 
method. In addition, you may make it remove the resist layers 36a-36c during ion milling 
processing at coincidence instead of establishing an independent resist removal process. 
[0035] In the above resist removal processes, although it is desirable to fully remove the side- 
attachment-wall deposition film DP 1 1 as shown in drawing 10 from the side attachment wall 
(especially edge of tunnel barrier layers, such as 30b) of the separation slot 38, cleaning milling 
processing (milling processing of the short time which gave the include angle) may be added to 
perform more positive removal. The processing conditions in cleaning milling processing are Ar 
flow rate:4sccm pressure:2.0xlO-4Torr include-angle:45-80 degree (preferably 60 degrees) as an 
example. 

Power: They are 500V and 190mA. By adding such milling processing, the deposition film DP 
1 1 can be finely removed from the side attachment wall of the separation slot 38, and a side- 
attachment-wall configuration becomes taper-like further. 

[0036] (3) Form in a substrate top face the insulator layer 40 for protection which covers 
magnetic tunnel junction section ATa-ATc and the separation slot 38, for example, consists of 
Si02 with a spatter or a CVD method. Thickness of an insulator layer 40 can be set to 10-100nm 
(preferably 50nm). When forming an insulator layer 40 by the spatter, processing conditions are 



processing ambient atmosphere: Ar gas pressures - lOmTorr (preferably 5mTorr(s)) as an 
example. 

RF power: 0.5-2kW (preferably lkW) 

Thickness: It is 50nm. Moreover, when forming an insulator layer 40 with a CVD method, 
processing conditions are raw material:SiH4 or TEOS (tetrapod ethyl orthochromatic silicate) as 
an example. 

03 or 02 flow rate: - 8000sccm pressure: - 1 - lOTorr (preferably 2.2Torr(s)) 

RF power: 300-1000W (preferably 500 W) 

thickness: 50nm heater temperature: — it is 300 degrees C or less. 

[0037] (4) Form the resist layers 42a and 42b which have a quadrilateral-like electrode pattern as 
shown in 26a and 26b of drawing 13 by photo lithography processing on an insulator layer 40. 
Resist layer 42a is formed so that the magnetic tunnel junction sections ATa and ATb may be 
covered, and resist layer 42b is formed so that the magnetic tunnel junction section ATc may be 
covered. Resist thickness at this time can be set to 0.3-2.0 micrometers. 
[0038] (5) And perform ion milling processing which uses (6) resist layers 42a and 42b as a 
selection mask to the laminating of an insulator layer 40, the electric conduction material layer 
24, and the antiferromagnetism layer 26. Ion milling processing at this time can be performed on 
the same conditions with having mentioned above about drawing 2 . Drawing 5 shows the 
condition that the insulator layer 40 was divided into the 1st and 2nd part 40a and 40b 
corresponding to the resist layers 42a and 42b, respectively, in the initial stage of ion milling 
processing. Drawing 6 shows the condition that this laminating was divided into the 1st and 2nd 
connection parts (electrode layer) by the separation slot 44, and TMR component Ta-Tc 
corresponding to magnetic tunnel junction section ATa- ATc was obtained, respectively, by being 
formed so that the separation slot 44 may arrive at the laminating of layers 24 and 26 at an 
insulator layer 22 at the time of termination of ion milling processing. The 1st connection part 
consists of a laminating of the parts 24a and 26a of layers 24 and 26, and is left behind in the 
condition of having interconnected the TMR components Ta and Tb. The 2nd connection part 
consists of a layer 24 and a laminating of 26 parts 24b and 26b, and is left behind in the 
condition of having connected with the TMR component Tc. Depth D of the separation slot 44 is 
not equivalent to the etching depth by ion milling, and does not increase like [ in the case of 
drawing 21 ]. Therefore, the level difference of the separation slot 44 can be stopped low. 
[0039] (7) Remove the resist layers 42a and 42b by the same approach with having mentioned 
above about drawing 2 . At the ion milling process of drawing 6 , as shown in drawing 1 1 , the 
side-attachment-wall deposition film DP 12 as an etching product is formed in the side 
attachment wall of the separation slot 44. The deposition film DP 12 remains at the resist 
removal process of drawing 7 excluding the insulating material component of insulator layers 
40a and 40b and an insulator layer 22, the metal component of layers 24 and 26, etc., without 
being removed while containing the resist denaturation component of Layers 42a and 42b. 
However, since the residual part of the deposition film DP 12 is the edge of laminatings 
(electrode layer), such as Layers 24a and 26a, even if it remains, there is no component property 
top problem. 

[0040] At the resist removal process of draw ing 7 , as shown in drawing 1 1 , the resist residue 
Rl 1 and R12 may remain at the edge of laminatings (electrode layer), such as a front face of 
insulator layers 40a and 40b, and Layers 24a and 26a. Such resist residue Rl 1 and R12 exfoliates 
at a back process, serves as particle, and has a possibility of reducing the yield. Then, processing 
which removes the resist residue Rl 1 and R12 as shown in drawing 12 may be performed. In this 



processing, since the chemical resistance of insulator layers 40a and 40b is high, it is selectable 
in various drug solutions. For example, rare fluoric acid (or BHF) processing and pure-water 
washing processing can be performed one by one, or ammonia + hydrogen-peroxide-solution 
processing and pure-water washing processing can beperformed one by one. By these 
processings, since the front face of insulator layers, such as 40a, is dissolved thinly, after the 
resist residue Rl 1 and R12 has come floating, it is removed. The insulator layer which became 
thin [ 40a etc. ] leaves, and can be used as some interlayer insulation films. 
[0041] (8) Form in a substrate top face the interlayer insulation film 46 which covers insulator 
layers 40a and 40b and the separation slot 44, and consists of silicon oxide by the spatter. Since 
the level difference of the separation slot 44 is low as shown in drawing 6 , a film defect cannot 
generate an insulator layer 46 easily due to the near section of the opening edge of the separation 
slot 44. Then, the connection holes 46a-46c corresponding to the electric conduction material 
layers 34a-34c of TMR component Ta-Tc are formed in an insulator layer 46 by alternative ion 
milling processing, respectively. 

[0042] (9) an insulator layer 46 top — the connection holes 46a-46c » covering — a spatter — 
wiring of aluminum etc. — public funds — while putting a group, carry out patterning of the 
covering layer by alternative ion milling processing (or alternative wet etching processing), and 
form wiring layers 48a and 48b. Wiring layer 48a is connected to electric conduction material 
layer 34a of the TMR component Ta through connection hole 46a, and wiring layer 48b 
interconnects the electric conduction material layers 34b and 34c of the TMR components Tb 
and Tc through the connection holes 46b and 46c. Consequently, it means that series connection 
of TMR component Ta-Tc was carried out. Drawing 13 shows the connection situation of TMR 
component Ta-Tc, and drawing 9 corresponds to the X-X 1 line cross section of drawing 13 . 
[0043] At the process of drawing 9 , since generating of the defect of an insulator layer 46 is 
controlled in the near section of the opening edge of the separation slot 44, a defect whom wiring 
layer 48b connects with antiferromagnetism layer 26a too hastily can be reduced. 
[0044] According to the process of the above-mentioned operation gestalt, at the process of 
drawing 2 , an etching terminal point is detectable with high degree of accuracy, While 
defecating the side attachment wall (side attachment wall of the magnetic tunnel junction 
section) of the separation slot 38, an insulator layer 40 covers at the process of drawing 2 -7, and 
the side attachment wall of the separation slot 38 can be protected from resist contamination, 
Since the level difference of the separation slot 44 can be made low at that resist residue is 
removed at the process of drawing 12 , and generating of particle can be prevented, and the 
process of drawing. 6 , at the process of drawing 8 , the manufacture yield of a magnetometric 
sensor improves for the reasons of being able to control defective generating of an insulator layer 
46. 

[0045] In the magnetometric sensor shown in drawing 9 , actuation of TMR component Ta-Tc is 
the same, and explains actuation of Component Ta as a representative. Since antiferromagnetism 
layer 26a acts that the sense of magnetization of ferromagnetic layer 28a should be fixed, 
ferromagnetic layer 28a becomes the magnetization fixed bed. On the other hand, ferromagnetic 
layer 32a has the free sense of magnetization, and becomes a magnetization free layer. 
[0046] If an external magnetic field is impressed in the flat surface of a substrate 20 in the 
condition of having passed the fixed current between electric conduction material layer 
(electrode layer) 24a and 34a, according to the sense and strength of a field, whenever [ angular 
relation / of magnetization ] will change between ferromagnetic layer 28a and 32a, and the 
electric resistance value between electrode layer 24a and 34a will change according to change of 



whenever [ such angular relation ]. Therefore, field detection can be performed based on such an 
electric resistance value change. 

[0047] Drawing 14 and 15 show the modification of the above-mentioned operation gestalt, give 
the same sign to the same part as drawing 1 -9, and omit detailed explanation. 
[0048] The process of drawing 14 is a process which performs alternative ion milling processing 
for the resist layers 36a-36c as a mask after the process of drawing 1 , and differs from the 
process of drawing 2 at the point which forms the separation slot 38 deeply so that the electric 
conduction material layer 24 may be reached. In this case, the TMR components Ta, Tb, and Tc 
will be in a part for these layers 26al, 26a2, and the condition that the electric conduction 
material layer 24 has been arranged common to 26b, including respectively the part 26a 1 of the 
layer 26 surrounded in the separation slot 38, 26a2, and 26b. The resist layers 36a-36c are 
similarly removed with having mentioned above about drawing 2 after ion milling processing, 
and cleaning milling processing is performed if needed. At the process of drawing 14 , a plasma 
luminescence measuring method can be similarly used as an etching end point detector method 
with having mentioned above about drawing 2 , and a high precision can detect an etching 
terminal point. 

[0049] Next, at the process of drawing 15 , the insulator layer 40 for protection and the resist 
layers 42a and 42b are similarly formed in a substrate top face with having mentioned above 
about drawing 3 -6. And the separation slot 44 separates a layer 24 into the 1st and 2nd 
connection parts (electrode layer) by forming so that the electric conduction material layer 24 
may be reached in the separation slot 44 at an insulator layer 22 by ion milling processing which 
uses the resist layers 42a and 42b as a selection mask. The 1st connection part consists of partial 
24a of a layer 24, and is left behind in the antiferromagnetism layer 26al and the condition of 
having interconnected 26a2. The 2nd connection part consists of partial 24b of a layer 24, and is 
left behind in the condition of having connected with antiferromagnetism layer 26b. Since depth 
D of the separation slot 44 etched the antiferromagnetism layer 26 at the process of drawing 14 , 
it becomes small compared with the case of drawing 6 . Then, the resist layers 42a and 42b are 
similarly removed with having mentioned above about drawing 6 . And resist residue may be 
similarly removed from the front face of insulator layers 40a and 40b, or the edge of Layers 24a 
and 24b with having mentioned above about drawing 12 . 

[0050] Next, an interlayer insulation film 46 is similarly formed in a substrate top face with 
having mentioned above about drawing 8 . Since the level difference of the separation slot 44 is 
low at this time, in an insulator layer 46, it is hard to generate a defect. After forming the 
connection holes 46a-46c in an insulator layer 46 similarly with having mentioned above about 
drawing 8 , wiring layers 48a and 48b are similarly formed on an insulator layer 46 with having 
mentioned above about drawing 9 . 

[0051] According to drawing 14 and the process concerning the modification of 15, the 
manufacture yield of a magnetometric sensor improves like the process concerning the operation 
gestalt mentioned above. Moreover, the magnetometric sensor obtained operates like the 
magnetometric sensor shown in drawing 9 . 

[0052] Drawing 16 and 17 show other modifications of the operation gestalt mentioned above 
about drawing..l -9, give the same sign to the same part as drawing 1 -9, and omit detailed 
explanation. 

[0053] In drawing 16 and the modification of 17, the electric conduction material layer 24, the 
ferromagnetic layer 28, the tunnel barrier layer 30, the ferromagnetic layer 32, an 
antiferromagnetism layer, and the electric conduction material layer 34 are formed sequentially 



from the bottom on an insulator layer 22 in the process corresponding to drawing 1 . Here, the 
antiferromagnetism layer between the ferromagnetic layer 32 and the electric conduction 
material layer 34 is the same as the antiferromagnetism layer 26 mentioned above, and is for 
using the ferromagnetic layer 32 as the magnetization fixed bed. 

[0054] The process of drawing 16 is a process which forms the separation slot 38 by alternative 
ion milling processing which uses the resist layers 36a-36c as a mask similarly with having 
mentioned above about drawing 14 , and obtains TMR component Ta-Tc after the process 
corresponding to drawing 1 . While the antiferromagnetism layers 33a, 33b, and 33c exist, 
respectively under the electric conduction material layers 34a, 34b, and 34c (on the 
ferromagnetic layers 32a, 32b, and 32c), it differs from the process of drawing 14 at the point 
which will be in the condition that the electric conduction material layer 24 has been arranged 
common to the ferromagnetic layers 28a-28c. The resist layers 36a-36c are similarly removed 
with having mentioned above about drawing 2 after ion milling processing, and cleaning milling 
processing is performed if needed. At the process of drawing 16 , a plasma luminescence 
measuring method can be similarly used as an etching end point detector method with having 
mentioned above about drawing 2 , and a high precision can detect an etching terminal point. 
[0055] Next, at the process of drawing 17 , the insulator layer 40 for protection and the resist 
layers 42a and 42b are similarly formed in a substrate top face with having mentioned above 
about drawing 3 -6. And the separation slot 44 separates a layer 24 into the 1st and 2nd 
connection parts (electrode layer) by forming so that the electric conduction material layer 24 
may be reached in the separation slot 44 at an insulator layer 22 by ion milling processing which 
uses the resist layers 42a and 42b as a selection mask similarly with having mentioned above 
about drawing 15 . The 1st connection part consists of partial 24a of a layer 24, and is left behind 
in the condition of having interconnected the ferromagnetic layers 28a and 28b. The 2nd 
connection part consists of partial 24b of a layer 24, and is left behind in the condition of having 
connected with ferromagnetic layer 28c. Since an antiferromagnetism layer does not exist on the 
electric conduction material layer 24 (under the ferromagnetic layers 28a-28c), depth D of the 
separation slot 44 becomes small compared with the case of drawing 6 . Then, the resist layers 
42a and 42b are similarly removed with having mentioned above about drawing 6 . And resist 
residue may be similarly removed from the front face of insulator layers 40a and 40b, or the edge 
of Layers 24a and 24b with having mentioned above about drawing 12 . 
[0056] Next, an interlayer insulation film 46 is similarly formed in a substrate top face with 
having mentioned above about drawing 8 . Since the level difference of the separation slot 44 is 
low at this time, in an insulator layer 46, it is hard to generate a defect. After forming the 
connection holes 46a-46c in an insulator layer 46 similarly with having mentioned above about 
drawing 8 , wiring layers 48a and 48b are similarly formed on an insulator layer 46 with having 
mentioned above about drawing 9 . 

[0057] According to drawing 16 and the process concerning the modification of 17, the 
manufacture yield of a magnetometric sensor improves like the process concerning the operation 
gestalt mentioned above. Moreover, the magnetometric sensor obtained operates like the 
magnetometric sensor shown in drawing 9 . 

[0058] In addition, this invention is applicable not only to a magnetometric sensor which was 
described above but manufacture of TMR component application products, such as other 
magnetometric sensors, magnetic memory, and the magnetic head. 
[0059] 

[Effect of the Invention] As mentioned above, after removing the deposit deposited on the edge 



of a tunnel barrier layer in the magnetic tunnel junction section on the occasion of selective 
etching processing according to this invention, Since an electrode layer is formed in the bottom 
of the magnetic tunnel junction section by selective etching processing which uses a resist layer 
as a selection mask where the magnetic tunnel junction section is covered by the insulator layer 
for protection While it can prevent that an electric short circuit and leak occur and the 
manufacture yield of a TMR component improves between the metal layers of the upper and 
lower sides of a tunnel barrier layer, the effectiveness that property degradation of a TMR 
component can be prevented is acquired. Moreover, in the process of this invention, since it is 
not necessary to perform ion milling processing in an oxidizing quality or a nitriding nature 
ambient atmosphere, there is also an advantage to which the detection precision of an etching 
terminal point does not fall. 



[Translation done.] 



